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(57) 

6 ffe^«:MSt r * £ <t ^ tc-r z> mw ^ titer ^ 

-?+ 0 titers- tti*«©/*ju^iair 




1 

mzis^f-Atzmx-. 10 

m^^xi^t:- a tmmoxum^ titers 
-^t^iffli-^ mmz titers-** zim-r 

d>& < i ^ cd— gp^frt b^±sw* tmm-rz ®&m* 
P£&^-r&<fc ^iBg^n/c 1 ^&itttm&<Dmn&& 

y 9 7 4 SIBRB. 

[M*B3] 36«C, »2BK±8m4ffl*.. buIbIp]K 30 

a*tod>tt < <h aw* i , » 2 #±a*t raKnas-r 

[»«3B4i ^e>cc, a>ft< <t&— wm\. 02 it 
mm 2 [siKa5«« , mm 2 HKSw^He*r <t . 

<bSBflT4<fc* ^VT«i«RIP«]iArSJ:9EK3 40 
tifclo4ft:tt«»©HP**o, *2H«EaW*<D£© 

rapfe»jh8w*(DPBPtKjuo*c^, nzmasffitifi 

[»*«5 ] BufBSjll / »2gHEffl*tH|K:/f 

ffiE@<E»«©— ^<0HP^a#i»W-i--6<!:. UK 
»2 EHESHsfPaoUBBSHiec^^ * y r • 50 



mm 2 0 0 3-3 18 107 
2 

MBIelK»»(D— ^©laP^aJtitSS^J-rSi, buIB^ 

+ <DgS&B#CC v IJIE»l@(SSP«<DIBP*H^»^e> % 
luiB»2 0K»tt©BBP*HtS'»^i^T4«*« 

iBi£<D y vyyvA w§mm.o 
i m^m 8 ] tut but i @tea5«±<D mfiB^cc <t ^ r h 

*ftfciiiriBB8P#s. MfB02l5lKSm±(DmrlB 1 g«:cfco 

TH*ftfc«rKBP*9**<. MB**snit&pc* 

f»#JS 7 &CiB«(D »; V#yy 4 &i$ga. 
[«*3B9] ME**** ifjJ:5R«cD^P<t^J-r€>{i 
gK@S3ft£, IS*JB7^^«8tcfBi8(3Dy y«7 

t i o ] mmm i fed: ck» 2 mnv—»ic®i£ 

8 cciatJccD y mmm.* 
< <t fe^<D— aq^m i % 02iniesp«rBicca^u. «rc 

[ IS^^ 1 2 ] Su IBB 1 4d J: V » 2 HIESPW^SSt ^ 
IfilCClsBgTa, 3f3fcB4 3&»&9*fcttl lC^ti3^19 

[M3ra i 3 1 me*±ant«. s ecc, 

BWBiaKS3ROHP3& !5 a#ifi5U , r-5<5:, m&SHtttCJ* 

* , ft ^ 2 CCfEi&CD »V#yy4 SS^S 0 
[ ffl^^ 1 4 ] BJIBttlttB^ ^ ^ A ^g(D BtjIBm 

i»»«:*stt«*iBy-x*aiJt, saM>9r2S^«« 
agf^^n/c^^^Ar^^, if5j<jsi^e> i 3c^rn 
^ i ^cciBigco vv^77^ t2^«ffi« 

[it *^ i 5 ] mibss^- ^*siaK©Hwa» 1 as 
^tc^o, «a©Bjffi*28s»^tafB^xf-Ar**. 
IS** 1^613 u*rn^ l 3bccib«<d y vtfyy 4 & 

l ^CdBiScD y v??y 4 &&$£mio 

m&mu) m&fflwz titer mmc 
m?zm<Dmtm&i&i>*~?*4>tf±* mxmayfiw 

is^ii 6 i>-?tifo i ^icciBtt© y v ^ 



(3) 

3 

-wmnco^ z ~ >jtm s titc a *i&mmm%&tt 

tab. mz^)ixtRv~<u£m%}Lx x s*vT<D%\mz io 
mmmwz titty*- * + mi&*Ji>xvtv-2*cD^ 

[000 1] 

fir, 

'<*->jBttr«ft*eu' sect, 

[0002] 

fflrh. *5<fco*«g&tB*rn, 3 & ton 

^^<D»-&) *W*JRS* (SWttv^ ^CD*§<£) 3&*£D 



ftffl 2003-318107 
4 

5esn/cK««. LTAS***S3*U 7FU 

FU*JgJ£nJiBr*D k Wot7FI/X^3ti/c 

^*->«caor^*->JBJjlESn*. s&S&v F 'J ? 
*x • r Fu*}g5£tt. aw&*^W*®*fl6ffl urn 

5. 2 9 6. 8 9 l#*5J:CJf*H«pW»5. 5 2 3, 1 
9 3-^*jJ:C^IBSPCT»MpffllBKI9 8/38597^ 

*5<fctfSI9 8/3 3 0 9 6#cciBig3nri^cr>r#M 

-7*q^7V^HCD7U^ 0 CCD<fc5ft»ig<D— 01} 
3W*a«F«F»5. 2 2 9, 8 7 2#«CH^3tiri^O 

r#^t3n/cc^ 

[0003] yy^^^gitt W^tfUSleliS 

^fetm < h ) (Dm^mmLtcmu (s^y ^> • 

^ffi^-s) ccMiR-raci^rar*. lit, i«co«> 

^cosartt, 2ocos^§^^7'(DftMEWS 
c<h3&sr*s. — jj<DZJzf<ov 7^77 -/SiJ^gr 



•l 



(4) 

5 

ac^tcj:^ ^W^KJ&ttU c©J:5ftS6att 

^*Hunjiatr & c i «c <t o , sawsu^fcMS* 

fS, fbt, «*^*f-Attf&*M («ta<l ) £W 

W3NB«T?Bi?B-r s j: 5 ft y * mmc nr zmm 

teffimt* M*.H3RBtiffiFf*6'. 0 4 6, 7 9 2*cE 

[0004] yy^^ iBSWjasasffiffl-r *»jfi^a 
■fe^rtt, 5>ft < t b®&mfcimmm&mtn (us* 

«*&*«%njfcLTj:ir\, ski*, mmotc 
mkoimmm^- ? (peb) % ^- k • 20 

4. ceo— witficjfct, 5***4 xg>m 

©SHH©^ JB* U I > A C t CC 0 ft W ft tf ft 6 ft 

WJv-^f >^fti*<Djg?«CcJ:^r*S^6»I!tt/, C 
giUcOnci^^ c<D<fc5ft:/n-te*te:R| 

*3~£3 6ft£tf$Rte:> Peter van Zant^CD r Microchip 
Fabrication: A Practical Guide to Semiconductor Pr 
ocessinqj ^3j*g(McGraw Hill Publishing Go., 1997, 
ISBN O-07-06725O-4)CC|Bi8$nn>^>CD'Ci$*ffl^lt 

[0005] WtttCTSfcti). &S^>X^A£tft«K 40 

mm%&mto£ v&mmtftyt^m ft « * ft # -< y<o 

Ja±<Da«f— ^ (*jJ:t;/J/ctt2oKl(D7X^ 
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^*HJfiOft*5 6, lo$/cfcMt&<Df*~ ^«BX€C 

tt. m«*B«Ffr^5 , 9 6 9, 44 1 ^fcJctfHKS 
#1*119 8/40 7 9 l^£#J$£ft/a> 0 
[0 00 6] 6£3fe(D'; V^^^SiJ^g, $JKEUV 

, E U V jSklt «3&5*t»CD^:S8» fc: <£ o x ®j& 5 

* 0 utc&-z>x. ccDcfc9ftiKfe*i»±rsfc«>, tr- 

[0 00 7] 
[0 00 8] 

w^n/cr^-^t a *ijai^a tzmzzc 

[0 00 9] C 0H^««a<o* 1 ^CC??«T4 

^c«cc«4>ra. «a©»2aa^<3!>^ifc*«ii>3i* 
[ooio] wjfflis jifcT'*-* ^ tt»±BP»r«j3E*r 



7 

[001 1 ] c&mm&mx #2#jL»«*«iu c 
turn i »±mtt&29±mt<D!ttK@mmtiiH&m 

»WRbr-A<b«S^JbfcHP*RW*. jlflncDPihgPW io 

[0 0 1 2] Wffl!3ftfcT^-*rtt. 3 etc, Ctlfe 

Ja> 0 »2EB£8M*fc, W2BK8m#lsnE'r&&. M 
P3^»±»»©HP^JH«!»K:ffir»J-r* <t ^KaSti/c 

i-o*yt»a»©rap*wrs. *j»3*ifcr^-** 
<Dmn&m£s mtmv-<uifi'*vTZMuxmatx& 

SfflPSnfeT^-^ + CDIBPtt. aHE^-/ ^^©tfcRW 

[0013] ^ etc. mis mzm&mtmicmmzwi 

KB©*l«B»3&>6»a©»2lB»^ii*n4// 30 

[0014] mgfiWHKD^H, Ofc**oTeiHRtt'< * 
7r ^<DS«, »llHlJSaB5f*©HP*Htfj»3&>6» 
2 @Rffi#©KP*H "C^SET *«*RW -5 C £ 
KJ:^T, »i>^^c<bm^ ctitt, MA. t£& 40 

[0 0 1 5 ] 3 6ft£fW*gfiTtt, 2o(D@(E8M5fra 
<D®B«r* jBcWtttr-Aiffi^JO/cBBP^Wr-SS^ft 

«acD»2SP»^co^xis*J3 6«:«ij>-r-s. ii^oo 

/<?7t • #X#i£«&»^0;frA6fcl»;frfc^* 
[0016] ft«8»»BT», *M»3*l/c7>*--*- + 50 



W2003-3 1 8 1 0 7 
8 

Ai^LAJBP*RWte»±«Wr|Wlurt>J:^. 

ftgi, EME-raccon. »±aw©HPi«»wcc« 

M** 1 o*fci«[«©HP4RW3ifcH|E»tt%it* 

fctf> v ffe©«FraecWH«lTS^yT©5BP*ffl«-rs o 
#±»W©HP*BtJM*6»aE-r*«*RWS. <§ 

[0017] 3fcmoifrs li>hw&*cw\ tttm^ 

**-ah\ ^yromiflUtcR^fcttstav-^, *y<fc 
tf/t 1; r©ffi*fflfj6cR^«t»f«is*©^^^A^«A. 

Ctlfct, Mit«ttS*HV->^*«fiO. 1 5 1/^-^ 
XrA(CEUV tr- A £MS*r 

^r«fci*. i/c^ot, Sfa»*^^ACc 

[0018] tt#tt*fcfcK^WJC. 

es^sji^asK^x-f Ate, ^ijjc^nis 
wmwr&mmw (iftfbfcjKtt^) jwaxtscitta 

x A-v(D #x CDifett £ A*I0c M4> $ -& £ o 
[0 0 1 9 ] *9M036tt&mccJ:S<!:, 

* &m r z> a t v 7' t % 

MM e^vu x vt tr- a t mm u x , ^yromus n/c r 
j»tr-A(Diois^j-r*^yr©BBP*SittL. i?iB 



(6) 
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[0020] fflattii, *IMBK:J:*JBB* i c 

a«K». f&o^ < offljft^pjtBr* £ c i settee 

j»»sn/ti\, m«* »s*?^xfA, sa^F^-Y 

r^^j tt^fflfB^fiwa-raw^ io 

*tx?ti&*)— tmtz rvx^j , tmBLi rm 

aj ii^fflHtt. m9m (m^^3 6 5, 24 

8, 1 9 3, 1 5 2 6 nm) te^tKEUV 

(m«5^-2 0nm(Df5B<D&;6£W^&@?m 

ISO . 3e>«c-ftf-> • tr-A-^m^ a b: 

Z>o 20 

[002 2] »CtC. *^cr>HjSfe^S8CC-Pl?r, ^f®t 

[0023] arii. Mi&*z&!ffiB>^\mittz»& 

[0024] 

K&zvvv^y jmm^*w^mz.frs-? 0 KB**, 

^fAEx, I Li, 30 
•*Jl/y*RW» 7 H'rAPLfc^LTvX^IEffilK: 

&m®:#>? ztc&xom i ai^SPM«:gi$n/c 

4^t4^«)K:lfi*;^*»W, 7^:rAPLCc*t 

-^b) WTi, 40 

A ( Tu>Xj ) PL UBUtU>X • ^fA^ci) £ 
#9jiffl«T7}rr «BttJ5Wtt*>f:/ 
(m«JSIittv^^«:-wrS) T&S. L*»U 8JEU 

rm«aatt*-f^ (m«a»tt^^*sts) 

[0 02 5] V — X L A (b-1fr£j&$*l/cV-X$ 50 
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10 

•T6o c<Dfc'-A£. ftjg v *fc»mtf fcr-AjfcgRg 
ISB) I LCcflU&r*. «89iS6BI Ltt. t-A©M 

>7 r >if co&i'©«^aft©a>*-*> h^ffi^. 

[0 0 2 6 ] m lCCB8Ur v V^LAlt (V-XL 
A3Wm«7WWTO*B^«:J: <**<!: 5(c) "JvW? 
^ja^B<D^^^>^rJ:C^^ yvy^-fjftU 

«B^6«nri^rfej:<, cn^^-r^SfeSiiR^- 

A£ (mtta«jiEciBl^5'5-<DSftt't'C) §6BW 
Tfc<fc<. SE^KIOT, V-XLA^x 

[002 7] t'-APB^-ecD^, 7X^-f- r/^M 
T±&C^f#3n/cvX*MA££^T& 0 7^^MAt 
51iRftOCj®WL/c6. t:-APB«:U>XPL£jI5t 

£« S?l2{iB&tf>^JS (fc «fc#T«HHE*R I F) <D 

SKoa«c*«KJ»»C«:fi[Bi»«)"rsJ:5. JEffiK:^ 

flauT, m^x^^^^y^^vx^MA^ 

WtilcmK) ffll/fca, SfcB^ff^K:, t'-APBcDS 

B£«M^0) . f-^MT^iX hn-^ . 

[0 0 2 8 ] H^Oi6B». 2ocDM^6^:- FrfiEffl 

1. ^ , -^-Fm 7X^ • ^MT«! 

«:/ b*- a p b -em* zmmsm c * mi* t? ^ ^ <t ^ . 

2. ^-Kt«. S*Wtci§)D^^y^^r«* 

i o<D r77r>aj -c»f#(D«W8P»C ^836 
ftt>D0c. 7X^ - -r-^;UMT«ji^ vX?Wr 
5><Dj5fa (i<>t>«P2> r^^j v m» y^iPi) 



[0 02 9] S2K^rr<£5fc:, gI«I3VXfAV 

g-rSo 

[0030]i2«, 0HCmU/cgI(D-^$6CC 10 
tftffflte^To V-XLAtt, il^ti^O. 1 

£ e j5&8*S§!^-Att: v y*-f;l>- h^y*FT£iIil 
^6ffe^ffliJ^cD^^MRBL, cn^iiS, ^jl O" 3 

T^CD^ftCCA-Sp 0" 6 5 V^-)l>~€ 

«w^t?o u/c^or, *&w<Dmwz titer 

^GF(7)f«t2M^S FtD^CCfigbr fc<tU 30 
[0032 ] gU^-A^^C.fcot, 

warns ti&. 8tKt-A*<z>*?MftB** 40 

^^a-^ts^^ti^ mummied -o-cg&'f 

©J»sn/cr^-^ + bi»{ia«*ifflfcr-- Aits 
#'h3< fts&j£rc*£. o *-^cciyjws 
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[0033] «iiaistifcr^^^^(D(aa(cRi«&< . 
- a <d«s * pj^tc u & n tf ft 6 ft i , -^fflir je 

[0 0 34] Kur, r^-****, v-xla^ 

Tfc<fc< % L//c^^T/^UT(Dga)!S^ft*je-A<h|^Kl| 

[0035] m*etc-r4fe«>. *¥m<D&m<Dfflw$ti 

[0036]@3Att *l%l8tCttffl'r-SCi*ir*& 
2oOM7'U-h3 1 4P^cc{i^TSo #±y'u 

-h3, 2ocDiKuii9, 1 o£#grr source 

S^-rs^, <*r<j:c> 0 #±y*u-h3, 4« 

KP5 V 6 i^»3^tcSI5nj-rSo gHESBteKDBBP 2 
Jt^l/-h3, 4(Di9P5. 6<t^JT&£, /OJT* 
iil/T^l KH 93^6^2 Eiffll O^OPBP^JiWSn 

lift* »l»±^U-h3(DBaP5<b»2»±^U-h 

4 ©hp 6 £©mte^yr«ft«-rs. Lfc3&J^r. 0 

mi 9 1 m 2 iKi® 1 o<Dffl<DJ*vTicmn&n&£ti 

ft^o 

[0037 ] SI4«fflr5i|§, fieffl-T^fiWWiHtf- 



13 

#x ©»n * « sssSit-r £ o 

[00391 ^1, 1 0B©}ftf^a6*l»± 

•T£_t~C, H3 A«C^-r^a ^^"OWSfttttt. 5BP2, 

S$n^ 0 HK^U- h 1<DBBP 2 ##iL:/ 

U-h3, 4CD§{§P5, 6ifiJRJl,Tl>ttl>WM(Ctet* 
HK^U- h 1 ©— »©ffi;*H**T. ^2 
1 0IH<D#^«<D*« % IsBS^U- h 1 <fc»± 

aWHK^P- h 1 ©jaHriKtiawfitftt6<cC»S3 d 

Kd a ©SS3^ft^cCctt-5i % 7-3 ?'*jmB<Z>fl&U< 
&t>#Xifc#»^r& 0 Bffr/U- h 1 <D^P 

CC#*©i«Rj&*£t;**** B8P2, 5, 6tt*a*^o 
"f^—TA ?Jltp(D&<V^lUfj:l<><D~e, #X 

[00401 14AU, ^BOfH^^fWtt© 
— SP^-To CCD*§^te v 2tSc<D»it:/U- h <0^rt± 
P B 1K2o<90jgrwX^ 1 3, 14£6e^r& 0 C 

xmZMU'f^^ 1 3, 140HP11. 12iBJ»J 
0tt^na&6&C>. B4BIJ, M^-H5 k 1 
eiifeCCRBSti/cHIE^-/^^ 1 3, 14^11 

[0 04 1 ] Mm?* X£> 1 3, 14<DHP11, 12 

(HjG^Sr 11, r 1 2 rfc-Sfft^Sfcl*. 
U MP«. ^ *X #<D0|g*'l>a>6l*! CSRr 2 *C# 

[0 04 2 ] SHEt^X* 1 3, 14IJ, *BSCcSa»U 
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><yr©HP*flB*r*s,fc5, pib#cc#±^u-h 

5, 1 6©IBPiiEtttcSI5tJUttWtitf&63Q:l»*>6-C 

[0043]ifi^U-H3 4 1 4tt, ffiEfrJSIEd 
dCcESiSti, ^(Dratc^ra 1 8 CCDSH«. 
^3 EiB^6^2Kil^©^/X<DSSn* 

io setcji^s^i^^^T • ^x^tt-r^<tw^jr^ 

&o cnii, ^iE]liF^o^x^2EiS^^>^^cD 

2> a /<?7r'W 5>Xf*A(D^0<DgP^CDiJS 
#tbt^^&<fc5J:5j^TS. I2E 
B's.©^ y y y * ^7XCDSfeAK5it«, gfl 1 KjgCO^X^ 

»2Kiscc^^s(D*i»jh-r*ai*ssrtt&c^ 

*W«:ffl*ii3stl-6B:W1$llFttlBI»0 1 3 0 9 4 7. 5 

[0 044] A-;7 7 « #**^«bftttn«&6ftlr> 
* 1 3, 1 4r^f 1 9 (H4 BtCjSSrB*) £r#A 

&*r PtfrcDHRf 8 ^x^i3, i4cc^o^ 

30 3 V 1 4*SS*f^K:iaiS"r2>*i^ ^1 9«[pI^^U 

h 1 3, 1 4CDC^tltCfc^D#^T, »±^U- h 1 

©CD#S8«, @K7*U-M3, 14(DPgPlK 12 

H3ACc^i5CO HPCD— **sfl6*i0^*i^» 

^1 9«R»^0-C*^ e 
[0 045] • ^7X«, leiSterw X^ 13, 1 

40 li 0 ^?7t • ^/X^r5£»!ff5tc*i*&Lr<t 

[0 04 6 ] RWmtLX. HK^U-h 1 3, 1 4P^ 
(D^H18^ ««0(D2tSc<7)#jl:^U-KDBBPiSI?J 

i/cra^-rss3pjt7'i/- FBSitut^ 

[0 04 7 ] i5A^6B5Ftt 4 2 ttOSKf 5 -/ X ^ 

ACc»^/cK®^-C^)^ 0 m4A(Om<DJ:^( f c. ? 3 ^ 
50 2tSc<DHIE^U- h 2 1 . 2 2-CM^n. *ti 
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*n#BP2 3. 2 4^^ 0 EHfc^U— h2 1, 2 
2*. 2tt©»±^l/-h2 5, 2 6HKcKH"r*. El 
R^U-H2 1. 2 2CDBBP2 3. 2 4 Iffl CC RKt^Jg© 
Siffl3 0*KW5. ^B3 0lt • 

[0 04 8] H5 Acc^-rwrartt, ftriHK^u-F 

2 2 ©MP 2 4 »l»±^l/-F26(D^y77A 
□WD3 2 4l55!rr*. COBHHfc. ffilB3 1rt©EE* 
tt. ^^^r«l&iB<Z>EE*J:OiS<. ^<D*SS> £Pifl3 
1KAS^7 7t • tfX<DffitiQ A &&C2> 0 EJKfw 10 

CcS(g"T4i. »l@K^U-K3DBBP2 4^»«iL/ 
»l»±^L/-h2 6©/^77AnHP3 2*6 

[0 04 9] H5CCC^-rRMr«, mimzTA^z 
2 2©BBP2 4#fctt^l»±:/U~- KD^-y7 7 • 
#*APHP3 2&£<SftlLrtr>ttl>. l^l, 12 
Bfc/U~h2 1<DRP2 3K> »2#jh^U- KD3tt 

*«it:--ABiP2 7i«i»m«c»WLrc»s. 

/*y 7 r • tfA<D&&<DmtiQ r &£.ffl3 1 20 
B<D&2BBr^<!:A&. 

[005 0] B5«C5*T»lfflrtt, fHlE]3E:/U-h2 
2<DP3P2 4#> mim±?l>- h2 6<DfflC*fiSf-A 
I8P2 8£»IJU »2HK^U-F2 1©HP2 3 
»2#jtP r U-hOttl«t-AHPi^CCIB?>J 

#SH KBCDV -XLA^e>!2 EffiteflKW-i- & t £*» 

6^^i8tiQ F ^^fe-r^o UfeU BBPfcMS^ffilfflO 

[0051] H5E«:^rRnrtt. »iiae^u-h 

2 2<DBD2 4^ fe«*»2»Jh^ r P- h<Dttl*HK 

- h 2 1 <DBiP 2 3 *SB2 I/- h OjfiHftgl fcT- A 

BBP2 7t8B»»K:JSjab. ff!2KIrMD^ 

[0 0 5 2 ] H5GCC^-r»lfflr», »21K^U-h 
2KDBHP2 3**; »2»±^U- hO^c y 7 r SPHiPB 40 
P3 3 4SIJW-4. Ctltt, it«^St>««Kj^3 

nr. fis^i^^n, £03 icca-??*,* 
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Lithographic Apparatus and Device Manufacturing Method. 
The present invention relates to a lithographic projection apparatus 

comprising! 

a radiation system for supplying a pulsed projection team of radiation; 
a support Structure for supporting patterning means, the patterning means serving 10 
5 pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; and 

a projection system for projecting the patterned beam onto a target portion of the 
substrate. . 

JO 

The term '^tterning means" as here employed should be broadly 
interpreted as referring to means that can be used to endow an incoming radiation beam 
with a patterned cross-section, corresponding to a pattern that is to be created in a target 
portion of the substrate; the term "light valve" can also be used in this context- Generally, 
1 3 the said pattern will correspond to a particular functional layer in a device being created in 
the target portion, such as an integrated circuit or other device (see below). Examples of 
such patterning means include: 

A mask. The concept of a mask is well known in lithography, and it includes mask 
types such-as-binary, alternating phase-shift, and attenuated phase- shift, as well as 
20 various hybrid mask types. Placement of such a mask in the radiation beam causes 

selective transmission (in the case of a transmits j ve mask) or reflection (in the case 
of a reflective mask) of the radiation impinging on the mask, according to the 
pattern on the mask. In the case of & mask the support structure will generally be a 
mask table, which ensures that the mask can be held at a desired, position in the 
25 incoming radiation beam, and that it can be moved relative to the beam if so 

desired. 

A programmable minor array. One example of such a device is a m&trix- 
addressable surface having a viscoclastic control layer and a reflective surface. The 
basic principle behind such an apparatus is that (for example) addressed areas of the 
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reflective surface reflect incident ligtir as diffracted light, whereas unaddressed 
areas reflect incident light as undifftacted light. Using an appropriate filter, the said 
undiftracted light can be filtered out of the reflected beam, leaving only the 
diffracted light behind; in this manner* the beam becomes patterned according to 
the addressing pattern of the matrix-addressable surface. An alternative 
embodiment of a programmable mirror array employs a matrix arrangement of tiny 
mirrors, each of which can be individually tilted about an axis by applying a 
suitable localized electric field, or by employing piezoelectric actuation means. 
Once again, die mirrors are matrix-addressable, such that addressed mirrors will 
reflect an incoming radiation beam in a different direction to unaddressed mirrors; 
in this manner, the reflected beam is patterned according to the addressing pattern 
of the matrix-addressable mirrors. The required matrix addressing can be 
performed using suitable electronic means. In both of the situations described 
hereabove, the patterning means can comprise one or more programmable mirror 
arrays. More information on mirror arrays as here referred to can be gleaned, for 
example, from United States Patents US 5,296,891 and US 5,523.193, and PCT 
patent applications WO 98/38597 and WO 98/33096. which are incorporated herein 
by reference. In the case of a programmable mirror array, the said support structure 
may be embodied as a frame or table, for example, which may be fixed or movable 
as required. 

A programmable LCD array. An example of such a construction is given in United 
States Patent US 5,229,872, which is incorporated herein by reference. As above, 
the support-St r ucture in thisxasejma^be embodied as a frame or table, for example, 
which may be fixed or movable as required. 
For purposes of simplicity the rest of this text may, at certain locations, specifically direct 
itself to examples involving a mask and mask tabic; however, the general principles 
discussed in such instances should be seen in the broader context of the patterning means 
as hereabove set forth. 

Lithographic projection apparatus can be used, for example, in the 
manufacture of integrated circuits (ICs). In sucb a case, the patterning means may generate 
a circuit pattern corresponding to an individual layer of the IC, and this pattern can be 
imaged onto a target portion (e.g. comprising one or more dies) on a substrate (silicon 
wafer) that has been coated with a layer of radiation-sensitive material (resist). In general, a 
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single wafer will contain a whole network of adjacent target portions that are successively 
Irradiated via the projection system, one at a time. In current apparatus, employing 
patterning by a mask on a mask table, a distinction can be made between two different 
types of machine, fa one type of lithographic projection apparatus, each target portion is 
5 irradiated by exposing the entire mask pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a wafer stepper. In an alternative apparatus — 
commonly referred to as a step-and-sean apparatus — each target portion is irradiated by 
progressively scanning the mask pattern under the projection beam in a given reference 
direction (the "scanning" direction) while synchronously scanning the substrate table 
10 parallel or anti-parallel to this direction; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed V at which the substrate tabic is scanned 
will be a factor M times that at which the mask table is scanned. More information with 
regard to lithographic devices as here described can be gleaned, for example, from US 
6,046,792, incorporated herein by reference, 
35 In a manufacturing process using a lithographic projection apparatus, a 

pattern (e.g. in a mask) is imaged onto a substrate that is at least partially covered by a Layer 
of radiation-sensitive material (resist)* Prior to this imaging step, the substrate may undergo 
various procedures, such as priming, resist coating and a soft bake. After exposure, the 
substrate may be subjected to other procedures, such as a post-exposure bake (PEB), 
20 development, a hard bake and measurement/inspection of the imaged features. This array of 
procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a 
patterned layer may then undergo various processes such as etching, ion-implantation 
(doping), metallization, oxidation, chOTc^mechanical polishing, etc, all intended to finish 
off an individual layer. If several layers are required, then the whole procedure, or a variant 
25 thereof, will have to be repeated for each new layer. Eventually, an array of devices will be 
present on the substrate (wafer). These devices are then separated from one another by a 
technique such as dicing or sawing, whence the individual devices can be mounted on a 
carrier, connected to pins, etc. Further information regarding such processes can be 
obtained, for example, from the book 'Microchip Fabrication: A Practical Guide to 
30 Semiconductor Processing 1 \ Third Edition, by Peter van Zant, McOraw Hill Publishing 
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference. 

For the sake of simplicity, the projection system may hereinafter be referred 
to as the "lens 11 ; however, this term should be broadly interpreted as encompassing various 
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types of projection system, including retractive optics, reflective optics, and catadioptric 
systems, for example. The radiation system may also include components operating 
according to any of these design types for directing, shaping or controlling the projection 
beam of radiation, and such components may also be referred to below, collectively or 
singularly, as a 'lens". Rrrtber, the lithographic apparatus may be of a type having two or 
more substrate tables (and/or two or more mask tables), fa such "multiple stage 1 * devices 
the additional tables may be used in parallel, or preparatory steps may be carried out on on. 
or more tables while one or more other tables arc being used for exposures. Dual stage 
lithographic apparatus are described, for example, in US 5,969,441 and WO 98/40791, 
incorporated herein by reference. 

The performance of conventional lithographic projection apparatus, 
especially those employing EUV radiation, has been limited by losses in intensity of the 
radiation beams. These losses result in an overall loss in intensity of the beam, resulting in 
increased exposure times and therefore reduced throughput, and local losses in intensity 
which results in a loss of the uniformity of the image projected onto the substrate. This 
effect is especially severe for apparatus using EUV radiation since the EUV radiation is 
significantly absorbed by most materials. Therefore it is desirable for the path of the beam 
to be in a vacuum to prevent such losses. 

It is an object of the present invention to reduce the causes of beam intensity 
loss within a lithographic projection apparatus. 

This and other objects are achieved according to the invention in a 
lithographic apparatus as specified in the opening paragraph, characterized in that said 
apparatus further comprises; 

a barrier for preventing gas and/or particle flow from a first to a second pan of said 
apparatus, said barrier comprising a controlled aperture; 
a controller for operating the controlled aperture, for opening and closing the 
controlled aperture in synchronism with said pulsed beam so as to permit passage of 
pulses of one of said beams of radiation through the barrier. 
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This is advantageous if, for example, the gas present in the first part of the 
apparatus absorbs the radiation being used but the radiation is required to be transmitted 
through the second part of the apparatus. The gas flow between the first and second part of 
the apparatus is limited to only occur during the pulses of radiation thus significantly 
5 reducing the flow of gas. By reducing the gas flow to the second part of the apparatus less 
radiation will be absorbed. Such apparatus is also advantageous since any debris or other 
contaminants resulting from the pulse of radiation will typically arrive at the controlled 
aperture after it has closed (due to the debris being slower than the photons of the radiation 
beam). Therefore the controlled aperture will also provide an effective barrier against 
10 debris. 

Preferably the controlled aperture is comprised of a stationary member, that 
may be integral to or connected to the barrier, provided with an opening aligned with the 
beam of radiation. The controlled aperture further comprises a rotating member, located 
adjacent to the stationary member, provided with one or more openings that, as the rotating 

1 5 member rotates, are periodically aligned with the opening in the stationary member. This 
provides, periodically, an opening through the barrier which is closed at other times to 
prevent gas flow through the barrier, This configuration is advantageous as it is simple to 
implement, may be used at high cycle rates and may be adjusted for given situations by, for 
example, adjusting the speed of rotation of the rotating member and adjusting the sizes of 

20 the openings. 

This embodiment may preferably comprise a second stationary member, 
arranged such that the rotating member is located between the first and second stationary 
members. The second stationary member- is also provided with an opening aligned with the 
beam of radiation. The additional stationary member is advantageous since it reduces the 

25 leakage of gas around the rotating member when the aperture is closed. 

The controlled aperture may further have a second rotating member, also 
located between the two stationary members. The second rotating member also has one or 
more openings arranged such that, as the second rotating member rotates, the openings are 
periodically aligned with the openings in the stationary members. For the opening through 

30 the controlled aperture to be open, thus enabling a beam of radiation to be radiated through 
the barrier, an opening in both the first and the second rotating member must be aligned 
with the openings in the stationary members. This configuration is advantageous since it 
can improve the control of the controlled aperture. For example, the first and second 
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routing members may be configured such that they can rotate in opposite directions. In 
this case, the opening through the controlled aperture is partially open for a shorter 
proportion of the operation cycle. This in turn reduces the amount of gas that flows 
between the first and second parts of the apparatus. 

Furthermore, a space may be provided between the first and second rotating 
members. This space may, in a preferred configuration, be filled with a buffer gas. The 
buffer gas further reduces the amount of gas that flows from the first part of the apparatus 
to the second part of the apparatus. This may be especially advantageous if the gas flow 
from the first to the second part of the apparatus is detrimental to the performance of the 
second pan of the apparatus. The buffer gas is chosen to be less detrimental to the 
performance of the second part of the apparatus than the gas flowing from the first part of 
the apparatus. The buffer gas may be refreshed, either constantly or periodically. 

The space between the rotating members, and hence the amount of buffer 
gas required, may be reduced by providing a rube that extends from an edge surrounding an 
opening on the first rotating member to an edge surrounding an opening on the second 
rotating member. This may be necessary if t for example, the buffer gas that is required is 
costly or if the required refresh rate of gas in the space is high. 

In a yet further alternative, the space between the two rotating members may 
be filled with a further stationary member with an opening aligned with the beam of 
radiation. This will reduce the flow of gas around the rotating members when the aperture 
is closed. It further reduces the flow of gas to the second part of the apparatus because the 
buffer gas only enters when it is required, 

Jh an .alternative embodiment^ the controlled aperture may be comprised of a 
stationary member, that may be integral to or connected to the barrier, provided with an 
opening aligned with the beam of radiation. The controlled aperture further comprises a 
rotating member, located adjacent to the stationary member, provided with one or more 
openings that, as the rotating member rotates, are periodically aligned with the opening in 
the stationary member. This provides, periodically, an opening through the barrier which is 
closed at other times to prevent gas flow through the barrier. A tube is provided, extending 
from an edge surrounding the opening in the stationary member. The rube defines a space 
that opens into the second part of the apparatus. The space contains a buffer gas, provided 
from a buffer gas inlet when an opening in the rotating member is aligned with the inlet. 
This embodiment is advantageous since it is simple and therefore easily synchronized with 
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thc pulsed beam but it also reduces the impact of gas fl ows into the second part of the 
apparatus by means of the buffer gas. 

Id a preferred arrangement of the present invention, the radiation system 
comprises a radiation source which is provided on a first side of the barrier and a 
substantially evacuated system, provided on the other side of the barrier. This may be the 
case, fa* example, where the radiation source is an EUV discharge source requiring Xenon 
gas at a pressure of about 0, 1 millibars and the EUV beam is required to be radiated 
through an evacuated system to reduce losses in beam intensity. The invention therefore is 
able to provide an opening through the barrier for the EUV beam to be transmitted to the 
evacuated system whilst nimjrnizing the flow of Xenon gas into the evacuated system. 

Alternatively or additionally, the present invention may be used to separate 
the substrate from the projection system. In this case, it is advantageous to use the 
controlled aperture of the present invention since the pulses of radiation on the substrate 
will result in outgassing from the resist on the substrate, ft is undesirable for the gasscs, 
and any contaminants (such as hydrocarbons) entrained therein, to flow into the projection 
system where the gas will cause a reduction in the intensity of the radiation beam and the 
contaminants may cause damage to the elements of the projection system. The controlled 
aperture of the present invention significantly reduces the flow of gasses to the projection 
system- 
According to a further aspect of the invention there is provided a device 
manufacturing method comprising the steps of: 

providing a substrate that is at least partially covered by a layer of radiation- 
sensirjv&material; . 

providing a pulsed projection beam of radiation using a radiation system; 
using patterning means to endow the projection beam with a pattern in Its cross- 
section; 

projecting the patterned beam of radiation onto a target portion of the layer of 

radiation-sensitive material, 
characterized by opening and closing, in synchronism with said pulsed beam, a controlled 
aperture in a barrier for preventing gas flow from a first to a second part of said apparatus; 

said controlled aperture providing an opening through the barrier aligned with one 
of said beams of radiation during pulses of said pulsed beam and substantially preventing 
gas flow from said first part to said second part of the apparatus between said pulses. 
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Although specific reference may be made in this text to the use of the 
apparatus according to the invention in the manufacture of ICs, it should be explicitly 
understood that SB ch an apparatus has many other possible applications. For example, it 
may be employed in the manufacture of integrated optical systems, guidance and detection 
patterns for magnetic domain memories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, In the context of such alternative 
applications, any use of the terms "reticle", Vafer" or "die" m this text should be 
considered as being replaced by the more general terms "mask". Substrate" and "target 
portion", respectively. 

In the present document, the terms 'Radiation" and "beam" are used to 
encompass all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a 
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g. 
having a wavelength in the range 5-20 nm). as well as particle beams, such as ion beams or 
electron beams. 
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Embodiments of the invention will now be described, by way of example 
only, with reference to the accompanying schematic drawings in which: 
20 Kgme i depicts a lithographic projection apparatus according to an 

embodiment of the invention; 

Figure 2 depicts, in more detail, a portion of the apparatus shown in Figure 

l ■ 

Kguic3 3A and 3B depict a controlled aperture of the present invention 
25 using a single rotating plate; 

Kgures 4A and 4B depict a controlled aperture of the present invention 
utilizing two rotating plates; 

Figures 5A through 5F depict a controlled aperture of the present invention 
at five instants through its cycle; and 

Figures 6A and 6B depict a further controlled aperture according to the 
present invention. 

In the Kgures, corresponding reference symbols indicate conresponding 

parts. 
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Embodiment 1 

5 

Figure 1 schematically depicts a lithographic projection apparatus according 
to a particular embodiment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection beam PB of radiation (e.g. 
EUV radiation), which in this particular case also comprises a radiation source LA; 
10 • a first object table (mask table) MT provided with a mask holder for holding a masfc 
MA (e.g. a reticle), and connected to first positioning means PM for accurately positioning 
the mask with respect to item PL; 

a second object table (substrate table) WT provided with a substrate holder for 
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second 
positioning means >W for accurately positioning the substrate with respect to item PL; 

a projection system ("lens") PL (e.g. a mirror group) for imaging an irradiated 
portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the 
substrate W, 

As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask). However, 
in general, it may also be of a transmissive type, for example (e.g. with a transmissive 
mask). Alternatively, the apparatus may employ another kind of patterning means, such as 
a programmable mirror array of a type as referred to above. 

The SSUEGeJLA (e.g. a laser-produced or discharge plasma source) produces 
a beam of radiation. This beam is fed into an illumination system (fflumjnator) IL. either 
directly or after having traversed conditioning means, such as a beam expander Ex. for 
example. The iuttminator IL may comprise adjusting means AM for setting the outer and/or 
inner radial extent (commonly referred to as o-outer and o-inncr, respectively) of the 
intensity distribution in the beam. In addition, it will generally comprise various other 
components, such as an integrator IN and a condenser CO. in this way, the beam PB 
30 impinging on the mask MA has a desired intensity distribution in its cross-section. 

ft should be noted with regard to Figure I that the source LA may be within 
the housing of the lithographic projection apparatus (as is often the case when the source 
LA is a mercury lamp, for example), but that it may also be remote from the lithographic 
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projection apparatus, the radiation beam which it produces being led into the apparatus 
(eg. with the aid of suitable directing mirrors); this latter scenario is often the case when 
the source LA is an excirner laser. The current invention and Claims encompass both of 
these scenarios. 

The beam PB subsequently intercepts the mask MA, whjch is held on a 
mask table MT. Having been selectively reflected by the mask MA, the beam PB passes 
through the lens PL, which focuses the beam PB onto a target portion C of the substrate W. 
With the aid of the second positioning means (and interferometric measuring means IF), 
the substrate table WT can be moved accurately, e.g. so as to position different target 
portions C in the path of the beam PB. Similarly, the first positioning means can be used to 
accurately position the mask MA with respect to the path of the beam PB, e.g. after 
mechanical retrieval of the mask MA from a mask library, or during a scan. In general, 
movement of the object tables MT, WT will be realized with the aid of a long-stroke 
module (course positioning) and a short-stroke module (fine positioning), which are not 
explicitly depicted in Figure 1. However, in the case of a wafer stepper (as opposed to a 
step-and-scan apparatus) the mask tabic MT may just be connected to a short stroke 
actuator, or may be fixed. 

The depicted apparatus can be used in two different modes: 

1 . Li step mode, the mask table MT is kept essentially stationary, and an entire mask 
image is projected in one go (U, a single "flash") onto a target portion C. The substrate 
table WT is then shifted in the x and/or y directions so that a different target portion C can 
be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario applies, except that a given target 
portion C is not exposed in a single "flash". Instead, the mask table MT is movable in a 
given direction (the so-called "scan direction", e.g. the y direction) with, a speed v, so that 
the projection beam PB is caused to scan over a mask image; concurrently, the substrate 
table WT is simultaneously moved in die same or opposite direction at a speed V - Mv, in 
which Mis the magnification of the lens PL (typically, M - 1/4 or 1/5). Jh this maimer, a 
relatively large target portion C can be exposed, without having to compromise on 
resolution. 

As shown in Figure 2, the apparatus is contained in a vacuum system VC. The 
source LA is located in a first evacuated compartment 9 and the remainder of the apparatus 
is located in a second evacuated compartment 10. 
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Rgure 2 represents, in more detail, a portion of the apparatus shown in 
Figure I. The source LA. which typically operates in an atmosphere of about 0. 1 mbar of 
Xenon, produces a beam of radiation. The beam of radiation passes through a foil trap FT 
which collects debris from the source LA and restricts the flow of gas from the source side 
I to its other side which will typically be at approximately 10" 3 mbar. The beam of radiation 
subsequently traverses a collector CT and is reflected by a grating spectral filter GF into the 
main body of the apparatus which is a vacuum system which will typically operate at 10* 
mbar and contains, for example, the illumination system IL, patterning means MA, the 
projection system ELand the substrate W. The controlled aperture of the present invention 
is therefore required to permit pulsed beams of radiation to be transmitted between 
compartments of the apparatus which may operate at different pressures whilst minimizing 
the flow of gas between these compartments. Depending on the system requirements it 
can, for example, either replace or he in addition to the foil trap. In case of the latter, the 
controlled aperture may be located before or after the foil trap FT. A controlled aperture of 
the present invention may also be located after the grating spectral filter GF at a point of 
secondary focus SF. 

Furthermore, the controlled aperture of the present invention may also be 
used between the projection system and the substrate. As the resist on the substrate is 
selectively developed by the radiation system, a significant amount of gas is produced. The 
controlled aperture may therefore be used as part of a barrier to prevent or minimize the 
flow of gas from the substrate to the projection system. This is especially important as 
there may be particles and/or other debris entrained in the gas flow. 

Ihfraredjadiatfpjj in the projection beam causes wafer-heating. 
Consequently, it is desirable to minimize the amount of infrared radiation in the projection 
beam. Most of this infrared radiation is generated by hot elements in the lithography 
apparatus and, in particular, in the source/collector module. The amount of infrared 
radiation produced by the hot elements is largely constant over time. Therefore the 
controlled aperture can be used to significanUy reduce the infrared radiation since it will 
block it while the aperture is closed. A preferred position of of the controlled aperture for 
this use is at the intermediate focus, where the beam diameter is relatively small. It may, 
however, be used at other locations to reduce the infrared radiation reaching the wafer. To 
improve the performance of the controlled aperture in minimizing transmission of the 
infrared radiation to the wafer, an infrared reflective coating may be applied to the infrared 
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source side of the controMed aperture (reducing the heat-load on the controlled aperture) 
and/or a coating with low emissivity may be applied to the other side (reducing the infrared 
radiation from the controlled aperture). Furthermore, the controlled aperture may also be 
temperature controlled and/or may be cooled. 
5 Wherever the controlled aperture is located it must allow the beam of 

radiation through without any significant loss ia beam intensity but it must restrict the flow 
of gas through the aperture since the pressure will need to be kept lower on one side and 
since the gas on one side may interfere with components on the other side. 

Jo general, the aperture will be timed to be open for each pulse of the source 
1 0 LA. However, the opening of the aperture may be delayed for one or more pulses of the 
source such that, although the opening of the barrier is still synchronized to the beam, it 
does not let every pulse through. This may be used, for example, during start-up of the 

soun^sincetheenergyleveloftheinitialpulaesmaybeunstable: The source may need to 
be started-up regularly during the exposure of a wafer. 

For the sake of simplicity, the description, below, of specific controlled 
apertures of the present invention will be in the context of separating the source LA from 
the remainder of the apparatus. It will, however, be appreciated that they may be utilized in 
any situation such as those discussed above. 

Fig. 3A depicts, in cross-section, a controlled aperture, talcing the form of a 
-chopper", that may be used in the present inventioa The chopper may be mounted onto 
or integrally formed in a barrier separating the first compartment 9 of the apparatus from 
the second compartment 10 of the apparatus. The chopper consists of a routing plate 1 
which rotates aboutan.aak 8. The rotating plate is located between two stationary plates 3. 

4. The stationary plates 3. 4 may be connected to or integral to the barrier separating the 
two compartments 9. 10. The stationary plates 3, 4 have apertures 5, 6 respectively, which 
arc aligned with a beam of radiation 7. The rotating plate 1 has an opening 2. As the 
rotating plate 1 rotates, the opening 2 is periodically aligned with the openings 5, 6 in the 
stationary plates. When the opening 2 in the rotating member is aligned with the openings 

5, 6 in the stationary plates 3, 4 an opening is provided through the barrier from the first 
compartment 9 to the second compartment 1 0. At other times, when the opening 2 in the 
rotating member 1 is not aligned with the openings 5, 6 in the stationary plates 3, 4, the 
routing member 1 farms a barrier between the opening 5 in the first stationary plate 3 and 
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the opening 6 in the second stationary plate 4. Therefore no opening is provided in the 
barrier between the first compartment 9 to the second compartment 10. 

When the apparatus is used, the beam of radiation 7 used is provided as a 
scries of pulses of radiation, and the rotation of the plate 1 Is timed such that the openings 
2, 5, 6 are aligned during pulses of radiation. The beam of radiation therefore may pass 
from the first compartment 9 to the second compartment 10. At other times the opening is 
closed, substantially preventing any flow of gas through the opening. 

The rotating member 1 shown in Fig. 3 A has a single opening 2. However, 
the rotating members may be provided with a plurality of openings. This reduces the speed 
at which the rotating member must rotate since it will no longer need to complete a 
complete revolution between pulses of radiation. 

Hie effectiveness of the chopper shown in Fig. 3 A for preventing the flow 
of gas between the first and second compartments 9, 10 is determined by how long the 
openings 2, 5, 6 are aligned or partially aligned and by how much gas flows around the 
rotating plate 1. Fig. 3B shows an enlarged view of part of the rotating plate 1 at an instant 
when the opening 2 in the rotating plate 1 is not aligned with the openings 5, 6 in the 
stationary plates 3 t 4. The rate at which gas flows between the first and second 
compartments 9, 10 Is dependent on the size d, of the gap between the rotating plate 1 and 
the stationary plates 3, 4 and the length d 2 that the gas must flow around the rotating plate 
1 . Unwanted gas flow around the chopper will be reduced if the gap d x between the 
rotating plate and the stationary plates is minimized and if the length of the flowpath d 2 
around the rotating plate 1 is maximized. The latter may be effected by arranging the 
opening 2 in thfij©tating.plate 1 as far as.possibie from the outside edge la of the rotating 
plate. Alignment of the openings 2, 5, 6 provides an easy gas flowpath between die first 
and second compartments 9, 10 but since the opening 2, 5, 6 are not aligned for much of 
the duty cycle of the chopper, the gas flow is greatly reduced in comparison to a constantly 
open passage. 

Kg. 4A shows part of an alternati Ye configuration of a chopper of the 
present invention. In this case two rotating discs 13, 14 are disposed between two 
stationary plates (not shown). Again, for the chopper to be open (namely providing an 
opening through a barrier separating two compartments of the apparatus), the openings in 
the stationary plates (which are aligned with the beam of radiation) must be aligned with 
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the openings 1 1, 12 on the first and second rotating discs 13, J 4 Fig. 4B shows, in cross 
section, the rotating discs 13, 14 installed with the stationary plates 1 5, 16. 

The openings J 1 , 1 2 in the rotating discs 13,14 need not have the same 
radius rl 1 , rl2. However, the openings are preferably the same distance r2 from the center 
5 of rotation of the discs. 

The rotating discs 13, 14 may be connected to each other to ensure that they 
rotate in unison, thus keeping the openings 11 f 1 2 aligned. Alternatively the discs may be 
mounted such that they rotated at different speeds or, for example, in opposite directions. 
This requires greater precision as both discs must be conecdy aligned with the openings in 
10 the stationary plates 15, 16 at the same time to allow the pulse of radiation through the 
opening in the barrier. However, rotating the plates in opposite directions advantageously 
reduces the amount of time that the chopper is partially open. 

The rotating plates 13, 14 are arranged a distance d from each other, creating 
a space J 8 between them. This space may, advantageously, be filled with a buffer gas 
1 5 which will further reduce the flow of gas from the first compartment to the second 

compartment through the chopper. This is important since the gas in the first compartment 
may have a detrimental effect on components of the apparatus in the second compartment. 
For example the Xenon in the source LA absorbs BUV radiation. It is therefore very 
important to minimize the amount of Xenon in the remainder of the apparatus. The buffer 
20 gas is selected for its relatively low impact on the remainder of the system. It is therefore 
less critical to prevent flow of the buffer gas into the second compartment than it is to 
prevent the gas in the first compartment from flowing into the second compartment. More 
information on such buffer gasses may be found in European Patent Application No. 
0130947.5 which is incorporated herein by reference. Argon, for example, may be used as 
25 the buffer gas. 

In order to reduce the volume between the two discs that must be filled with 
buffer gas, a tube 19 (shown in dotted lines in Fig, 4B) may be inserted between the 
rotating discs 13, 14. The tube 19 may, if both discs rotate in unison, be attached to both 
rotating discs 13, 14. Alternatively, for example, if the rotating plates 1 3, 14 rotate in 
30 opposite directions, the tube 1 9 may be attached to only one of the rotating plates 1 3, 1 4 or 
may be attached to neither of the rotating plates 13, 14 but be in a fixed location with 
respect to the openings in the stationary plates 15, 16. Each end of the tube surrounds tho 
opening 1 1,1 2 in the rotating plate 13, 1 4 and may be attached to the edges of the 
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evenings. Where one of the openings is larger than the other (for example, as shown in 
Fig. 3A), the tube 19 may be frustro-conical in shape. 

The buffer gas may be replenished by a permanent flow through the space 
18 between the rotating discs 13, 14. Alternatively the buffer gas may be replenished 
5 periodically. The buffer gas may be pumped out of the space 18, periodically or 
continuously, or may disperse. 

As an alternative, the space 1 8 between the rotating plates 13, 1 4 may be 
filled with a third stationary plate with openings aligned with those of the first two 
stationary plates. 

10 Figs. 5A to 5F show a chopper of the present invention winch periodically 

replenishes the buffer ga> in the space between two rotating discs. Figures 5B to 5F are 
cross-sections along the line A-A in Figure 5 A. As in the example in Fig. 4A, the chopper 
is comprised of two rotating plates 21, 22, each of which has an opening 23, 24 t 
respectively. The rotating plates 21, 22 are arranged between two stationary plates 25, 26. 
i 5 A frustro-conical surface 30 is provided between the openings 23, 24 in the rotating plates 
21 , 22. The surface 30 defines a space 31 that may be flushed with buffer gas. 

At the instant shown in Fig. 5A the opening 24 in the first rotating plate 22 
is aligned with a buffer inlet opening 32 in the First stationary plate 26. At this instant the 
pressure in the space 31 is lower than that in the buffer supply, resulting in a flow Q A of 
20 buffer gas into the space 3] . As the rotating discs 2 1 , 22, with the surface 30 attached 

between them, rotate, the opening 24 in the first rotating plate moves out of alignment with 
the buffer inlet opening 32 in the first stationary plate 26, 

At the instant shpwn in Fig. 5C the opening 24 in the first rotating disc 22 is 
no longer aligned at all with the buffer gas inlet opening 32 in the first stationary plate. 
25 The opening 23 in the second rotating plate 21 is* however, partially aligned with the 

radiation beam opening 27 in the second stationary plate. This results in some leakage of 
Qf of the buffer gas from the space 31 into the second compartment of the apparatus. 

At the instant shown in Fig. 5D the opening 24 in the first rotating plate 22 
ia aligned with the radiation beam opening 28 in the first stationary plate 26 and the 
30 opening 23 in the second rotating plate 2 1 is fully aligned with the radiation beam opening 
27 in the second stationary plate. Hie chopper is therefore open, enabling a pulse of 
radiation 7 to be radiated from the source LA in the first compartment to the second 
compartment. Further leakage Qf of the buffer gas into the second compartment occurs at 
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this stage. However, provided that the opening is only open for a short duration, a 
significant amount of gas from the source chamber 9 will not leak through into the second 
compartment and the majority of the gas that does leak into the second compartment is 
merely the buffer gas. 

At the instant shown in Fig. 5E the opening 24 In the first rotating plate 22 
is no longer aligned with the radiation beam opening 2S in the first stationary plate. The 
opening 23 in the second rotating plate 21 is however partially aligned ^with the radiation 
beam opening 27 in the second stationary plate resulting in some further leakage Qf of the 
buffer gas into the second compartment. 

At the instant shown in Pig. 5G the opening 23 in the second rotating plate 
21 is aligned with a buffer exhaust opening 33 in the second stationary plate. This is 
connected to a relatively large volume, maintained at a low pressure, and consequently the 
remaining buffer gas in space 3 1 Js exhausted in a flow Qp through the opening. 

For the chopper shown in Kgures 5 A to 5G to operate effectively, the 
characteristic time taken for the buffer gas to flow from the space 31 into the second 
compartment should be greater than the time for which the space 3 1 is Cpanially) open to 
the second compartment (namely the instants shown in Figures 5C, 5D and 5E). The time 
for which the space 31 is open to the second compartment can be reduced by moving the 
arrangement of the openings 32, 27, 28, 33 in the stationary plates 25, 26 (shown in Figure 
5 A) closer together. Hie characteristic time for the buffer gas to empty from the space 31 
may be increased by adding a gas flow restriction that is transparent to the radiation, such 
as a foil trap, on the side of the chopper to which the buffer gas flows. 

As shown in Figures 5B to 5G the trustro-comcal surface 30 is attached to 
the rotating plates 21 # 22. However, this need not be the case and the surface may be fixed 
relative to the stationary plates, the opening in die rotating plates aligning with it when they 
are aligned with the openings in the stationary plates. In such a case the surface may need 
to be larger. Additionally the surface need not be frustro-conical in shape. 

Figs. 6A and 6B show, a further variant of a chopper suitable for use in the 
present invention. A rotating plate 40 is provided adjacent to a stationary plate 42. As the 
rotating plate 40 rotates, an opening 41 in it is periodically aligned with an opening 43 in 
the stationary plate, allowing a beam of radiation 7, from the source LA, to be radiated 
through the barrier. The stationary plate 42 is provided with a surface 44 that defines an 
interface space 45. The interface space may be provided with a buffer gas to reduce 
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leakage of gas from the first compartment through the barrier. The surface 44 has an 
opening 46, that periodically becomes aligned with a second opening 47 in the rotating 
plate 40. This may be used to provide fresh buffer gas to the interface space 45. As the 
rotating plate rotates the opening 47 in the rotating plate 40 aligns with a buffer gas supply 
5 opening 48, enabling buffer gas to flow through to the interface space 45. 

As shown in Figure 6 A the radiation beam opening 41 and the buffer gas 
opening 47 are arranged on the rotating plate at different distances from its axis of rotation 
49. This enables die buffer gas to be provided to the interface space 45 at substantially the 
same time as the radiation beam is passing through the chopper. Alternatively, as shown in 

1 0 figure 6A, the buffer gas opening 47 may be arranged to supply buffer gas to the interface 
space 45 slightly before the radiation beam opening 41 on the rotating plate 40 aligns with 
the opening 43 on the stationary plate. 

Whilst specific embodiments of the inveotion have been described above, it 
will be appreciated that the invention may be practiced otherwise than as described. The 

1 5 description is not intended to limit the invention. 
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CLAIMS: 

I • A lithographic projection apparatus comprising: 

a radi ation system for providing a pulsed projection beam of radiation; 

a support structure for supporting patterning means, the patterning means serving to 

pattern the projection beam according to a desired pattern; 
a substrate table for holding a substrate; 

a projection system for projecting the patterned beam onto a target portion of the 
substrate, 

characterized in that said apparatus further comprises: 

a barrier for preventing gas and/or particle flow from a first to a second part of said 
apparatus, said barrier comprising a controlled aperture; 
a controller for operating the controlled aperture, for opening and closing the 
controlled aperture in synchronism with said pulsed beam so as to permit passage of 
pulses of one of said beams of radiation through the barrier, 

2. A lithographic projection apparatus according to claim 1 , 

wherein: 

said controlled aperture comprises: 

a stationary member, integral with or connected to the barrier, provided with an 
opening aligned with said beam of radiation; 

a rotating member, at least a part of which is adjacent to said stationary member; 

wherein said rotating member has one or more openings arranged such that, as said 
member rotates, an opening in the rotating member is periodically aligned with the 
openings in the stationary member, providing an opening through the barrier; and, when 
said openings are not aligned, the rotating member substantially prevents gas flow through 
the barrier. 

3 - A lithographic projection apparatus according to claim 2 r further comprising 

a second stationary member, arranged such that at least a part of the rotating member is 
located between the first and second stationary members; said second stationary member 
also provided with an opening aligned with said beam of radiation. 
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4. A lithographic projection apparatus according to claim 3 f further comprising 
a second rotating member at least a part of which is located between the first and second 
stationary members; 

wherein said second rotating member has one or more openings arranged such that, 
as said second rotating member rotates, an opening in the second rotating member is 
periodically aligned with the openings in the stationary members, providing an opening 
through the barrier if, simultaneously, an opening in the first rotating member is aligned 
with the openings in the stationary members; arid when no opening in the second rotating 
member is aligned with the openings in the stationary member, the second rotating member 
substantially prevents gas flow through the barrier* 

5. A lithographic projection apparatus according to claim 4, further comprising 
a space, containing a buffer gas F between said first and second rotating members, 

6. A lithographic projection apparatus according to claim 5 1 further 
comprising: 

a buffer gas inlet for supplying buffer gas to said space between the first and second 
rotating members when an opening in one of said rotating members is aligned with said 
inlet; and 

a buffer gas exhaust for exhausting the buffer gas from said space when an opening 
in one of said rotating members is aligned with said exhaust 

7. A lithographic projecti on ap paratus according to claim 5 or 6, farther 
comprising a tube that, at least when the controlled aperture is open, extends from an edge 
surrounding an opening on said first rotating member to an edge surrounding an opening on 
said second rotating member, and wherein said tube limits said space, 

8. A lithographic projection apparatus according to claim 7, wherein said 
opening surrounded by said tube on said first rotating member is larger than said opening 
surrounded by said tube on said second rotating member and said tube is frustro-conical in 
shape. 
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9. A lithographic projection apparatus according to claim 7 or 8, wherein said 
tube is fixed in a position aligned with the openings on the stationary members. 

10. A lithographic projection apparatus according to claim 7 or 8, wherein said 
first and second rotating members rotate in unison and said tube is attached to said rotating 
members* 

11. A lithographic projection apparatus according to claim 4, further comprising 
a third stationary plate, at least a part of which is located between the first and second 
rotating members; said third stationary member also provided with an opening aligned with 
said beam of radiation. 

12* A lithographic projection apparatus according to any one of claims 4 to 9 or 

1 1 j wherein said first and second rotating members rotate in opposite directions. 

13. A lithographic projection apparatus according to claim 2, wherein said 
stationary member further comprises: 

a tube* extending from an edge surrounding the opening in the stationary member, 
defining a space that opens into the second part of the apparatus; 

a buffer gas inlet for supplying buffer gas to said space when an opening in said 
rotating element is aligned with said inlet. 

1 4. A lithqgrapjucpxpjection apparatus according to any preceding claim, 
wherein said radiation system comprises a radiation source which is in said first part of the 
apparatus; and the second part of the apparatus is a substantially evacuated system. 

15. A lithographic projection apparatus according to any one of claims 1 to ] 3, 
wherein said substrate table is in said first part of the apparatus and said second pan of the 
apparatus is the projection system. 

16. A lithographic projection apparatus according to any preceding claim, 
wherein said controller is suitable for closing the controlled aperture so as to block at least 
one pulse of said beam of radiation. 
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1 7. A lithographic projection apparatus according to any preceding claim, 
wherein said controlled aperture comprises at least one of a low-emissivity coating on its 
substrate facing side and an infrared reflective coating on the other side. 

18. A device manufacturing method comprising the steps of: 
providing a substrate that is at least partially covered by a layer of radiation- 
sensitive material; 

providing a pulsed projection beam of radiation using a radiation system; 
using patterning means to endow the projection beam with a pattern in its cross- 
section; 

projecting the patterned beam of radiation onto a target portion of the layer of 

radiation-sensitive material, 
characterized by opening and closing, in synchronism with said pulsed beam, a controlled 
aperture in a bairier for preventing gas flow from a first to a second part of said apparatus; 

said controlled aperture providing an opening through the barrier aligned with one 
of said beams of radiation during pulses of said pulsed beam and substantially preventing 
gas flow from said first part to said second part of the apparatus between said pulses. 
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Fig. 4A 
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Fig. 5A 
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3 Abstract 

Lithographic Apparatus and Device Manufacturing Method. 

Controlled aperture for providing an opening through a barrier separating two parts 
of the apparatus to enable a pulse of radiation to be radiated from one part of the apparatus 
to the other. The controlled aperture closes the opening between the pulses of radiation to 
minimize the gas flow between the first and second parts. 

2 Representative Drawing 

Fig. 3A 



